A-type potassium currents dominate repolarisation of neonatal rat primary auditory neurones in situ.
Spiral ganglion neurones provide the afferent innervation to cochlear hair cells. Little is known of the molecular physiological processes associated with the differentiation of these neurones, which occurs up to and beyond hearing onset. We have identified novel A-type (inactivating) potassium currents in neonatal rat spiral ganglion neurones in situ, which have not previously been reported from the mammalian cochlea, presumably as a consequence of altered protein expression associated with other preparations. Under whole-cell voltage clamp, voltage steps activated both A-type and non-inactivating outward currents from around -55 mV. The amplitude of the A-type currents was dependent on the holding potential, with steady-state inactivation relieved at hyperpolarised potentials. At -60 mV (close to the resting potential in situ) the currents were approximately 30% enabled. The inactivation kinetics and the degree of inactivation varied between cells, suggesting heterogeneous expression of multiple inactivating currents. A-type currents provided around 60% of total conductance activated by depolarising voltage steps from the resting potential, and were very sensitive to bath-applied 4-aminopyridine (0.01-1 mM). Tetraethylammonium (0.1-30 mM) also blocked the majority of the A-type currents, and the non-inactivating outward current, but left residual fast inactivating A-type current. Under current clamp, neurones fired single tetrodotoxin-sensitive action potentials. 4-Aminopyridine relieved the A-type current mediated stabilisation of membrane potential, resulting in periodic small amplitude action potentials. This study provides the first electrophysiological evidence for A-type potassium currents in neonatal spiral ganglion neurones and shows that these currents play an integral role in primary auditory neurone firing.